Effect of Superimposed Metabolic Alkalosis on C 0 2 Acclimatization in Cats
Sung Suh Park, M.D.' n patients with chronic respiratory acidosis and I mr pulmonale, development of superimposed metabolic alkalosis is not uncommon. The purpose of this study is to examine the effect of such combined acid-base disorders on cerebrospinal fluid (CSF) acid-base balance and respiratory control.
Cats were exposed to varying concentrations of Con for a period of 5-14 days. In ten experiments, the cats were fed a regular diet. In the other ten experiments the animals were placed on a bicarbonate-enriched diet. In cats fed the diet the total C02 content and PC& in the arterial blood and CSF increased progressively with the increase of partial pressure of CCh in the chamber (PICOP). The compensatory increase of arterial or CSF [HCOs-] was, however, incomplete, resulting in a linear increase of [H+] in both arterial blood and CSF. In cats fed bicarbonate, a greater increase of Con content and reduction of [H+] were noted in the blood at each level of PICO~. The arterial P a , ' From the Albert Einstein College of Medicine, Bronx, New York.
however, was little influenced by the alkalotic regimen except on three occasions when the increase of arterial bicarbonate was extreme. The influence of the alkalotic regimen on the CSF [HC03-] and [H+] was also very slight in the majority of experiments. On three occasions of extreme alkalosis, there was a marked increase of CSF [HCOs-] which was associated with a nearly complete compensation of CSF pH and respiratory suppression evidenced by marked increase of arterial P a s .
These results suggest that an effective but limited regulatory mechanism exists for the transport of bicarbonate ions across the blood-brain barrier and prevents an excessive increase of CSF [HCOs-] under these conditions. Such a regulation of CSF [HCOa-] 
Discussion
Cohen and Wollman presented concise and comprehensive data on the regulation of cerebral blood flow. Their review, primarily of their own work, indicated that hyperventilation which resulted in hypocapnia decreased cerebral blood flow drastically. At PaC02 of less than 20 mrn Hg, inadequate oxygen delivery resulted, which could, however, be overcome by hyperbaric oxygenation. Wollmun thought that hypocarbia could not elicit maximum cerebral vasoconstriction, since developing tissue hypoxia and lactate acid accumulation counteracted vasoconstriction. It was also shown that hypoxemia (Pa02 < 60 mm Hg ) caused increases in cerebral blood flow which were greater at high than at low PaC02. In addition, Wollman showed that NaHC03 administration at low PaC02 caused small, but definite increases in cerebral blood flow; at higher PaCOz (30 mm H g ) NaHC03 administration was without effect. He related these effects to leftward movement of the oxygen dissociation curve, which can result in cerebral hypoxia during low flow states. Cohen commented that the vasodilatory effects of C02 were principally due to changes in CSF or cerebral interstitial fluid H+ concentration and that there may also be barriers to lactate transfer from tissue to venous blood in the brain. Reference was made to Plum's work ( Amer J Physiol215: 1240, 1968) that lactate accumulation did not occur during hyperventilation under hyperbaric oxygen tensions to the extent that it occurs during hyperventilation at sea level. Wollman stated that there was minimal cerebral vasoconstriction during hyperoxia; although he could envision a useful protective mechanism in such a response (diminution of cerebral oxygen toxicity), he did not feel that nature had provided for such an eventuality since it could not occur in nature.
Some comments were made about cerebral blood flow under anesthesia. It was first stated that cerebral $02 was below normal at all depths of anesthesia. It was pointed out by Wollman that cerebral blood flow usually increased as the alveolar concentration of anesthetic increased, and that the ratio of cerebral blood flow to cerebral $02 invariably increased with greater depth of anesthesia. The decrease in cerebral \io2 during anesthesia did not abolish the vasodilatory effects of COr, although the responses to increasing PaCOz differed with different anesthetic agents. Wollman admitted that occasionally following anesthesia and surgery there developed minor and occasionally prolonged changes in cerebral function and that this threat existed particularly for older patients.
Edelman asked whether sympathetic innervation affected responsiveness of cerebral vessels to CO2 and H+. Wollman was not certain what the effects were, but thought that they were not important under normal circumstances, at least as far as total brain blood flow was concerned; whether regional distribution of flow was affected is uncertain at this time.
Dell raised the question whether lactatelglucose ratios were increased during cerebral hypoxia. Wollman replied that there were increases in the anaerobic fraction of brain metabolism, and that calculations indicated that approximately 20 percent of energy was derived from anaerobic glycolysis during moderate cerebral hypoxia. During severe hypocapnia there was also evidence of increases in anaerobic glucose consumption.
Seueringhaus commented on the presentations by Cohen and by Wollman. He expressed his personal opinion that arterial vessels were primarily influenced by extracellular, extravascular pH. He also thought that the capillary endothelium constituted the blood-brain barrier, and that cerebral vessels were affected by C02 or H+ only when these were on the outside of vessels. Experiments by Lassen and himself had shown that the reduction in cerebral blood flow following a step reduction in PaC02 was complete in 30 seconds suggesting that arteriolar muscle ECF pH, controlled by inflowing blood Pco~, rather than neuronal tissue Pco~, dominated the control. Tissue 0 2 electrode studies of Misrahy and Clark showed 5-20 second periodic changes in tissue POP. He outlined a hypothesis in which these phasic stoppages of flow are explained as due to wash out of tissue ECF H+, both as Con and sometimes as lactic acid. In the hypothesis, CO2 not only is the prime end product of metabolism, but acts as a messenger between metabolically active neuronal and glial sites and the arteriolar smooth muscle supplying their blood flow. When flow is stopped, the increasing H+ (aerobic at first, then increasingly "anaerobic" lactate H + ) combines with local HC03-to raise Pco~. The gas diffuses freely, and when it raises arteriolar ECF H+ sufficiently, the vessels reopen. The brain is believed to be normally slightly hypoxic on the basis of Cohen and Wollman's data, in the sense that it constantly excretes some lactic acid (5-10 percent of glucose consumed ).
Robin stressed that the brain needs glycolysis, since it cannot use amino-or fatty acids. Severingh u s elaborated that dogs will use lactate as an energy source when blood lactate is elevated.
In the discussion of Gurtner's paper, Seueringhaus inquired if the distribution of weak acids and bases might not be explained on the basis of the ( D -C ) CHEST, VOL. 61, NO. 2, FEBRUARY 1972 SUPPLEMENT potential difference between CSF and blood. Gurtner replied that the distribution of barbital might possibly be explained on this basis, but that the distribution of THAM could not be so explained since large differences in THAM occurred at blood pH values where the potential difference was 0 .
Gurtner went on to indicate that he felt the potential difference was due to the disequilibrium of ions across the blood-brain barrier especially (HCOs-). Curtner stated that the charged membrane hypothesis predicts that in general, if there were no requirement for electroneutrality, anions should be in higher concentration in the CSF and cations lower because no ions other than p+]
should have reached electrochemical equilibrium in the vicinity of the charged groups in the time it takes blood to pass through the capillary. Since the rates of diflusion of all ions are fairly similar in water, if THC03-1 and C02 do not reach electroone should find that steady state differences in activity should exist between CSF and blood and across the alveolar capillary membrane and with C1 concentrated but Na relatively excluded. Gurtner offered this explanation for the findings of Robin that the unidirectional flux of a labeled Na from alveolus to blood was larger than that from blood to alveolus given the same concentration gradient. Gurtner stated that the driving gradient for diffusion out of the alveolus was indeed the concentration difference between alveolar fluid and blood, but suggested that the driving gradient would be less from blood to alveolus if Na did not reach electrochemical equilibrium near the charged capillary wall. In a few experiments, Gurtner and Burns found that steady state differences in 36Cl occurred between alveolar fluid and mixed venous blood and between CSF and blood. The a3%l O the breathing mechanism is distinguished in that it operates under the guidance of both voluntary and involuntary processes. The physiologist's preoccupation has been largely with the latter and indeed, his experimental design usually insures that the former is excluded. Influences more subtle than the strictly volitional also originate in the higher nervous system, and these may interact with basic ventilatory control mechanisms-particularly chemical-in important but complicated ways. For example, changes in level of consciousness are well known to affect the ventilatory response to hypoxia, hypercapnia, and the degree of interaction between the two. The chemoreceptors of the carotid body are subject to efferent control, but afferent impulse traffic from the periphery must be processed centrally before it emerges as a signal to the muscles for ventilation. That central processing is usually envisaged as occurring through connections with the respiratory centers of the pons and medulla. Although this is certainly the case, it is by no means a complete description, and various bits of experimental evidence point to modifying influences which descend from suprapontine structures, most notably in the diencephalon and cerebral cortex. Further, afferent chemoreceptor impulse traffic reaches into the higher nervous system to modify behavior as well as breathing. To understand the ventilatory response to hypoxia particularly, and to hypercapnia to a lesser extent, it is necessary to appreciate the suprapontine influences on the respiratory centers. The final effect may be facilitatory or inhibitory, but in either case, the final effect is an algebraic resultant of combined influences acting simultaneously but in varying proportion, depending on the circumstance. Experiments have been described to illustrate the usefulness of this mechanistic concept to explaining the origin of attenuation of hypoxic ventilatory response ('%blunting") in cats acclimatized to high altitude and to the changing pattern of chemical control of breathing in developing mammals.
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